. Moreover, while performing these comparison tests, it is important to ensure that the galaxy parameters derived from simulations and observations have the same physical meaning. For example, for simulated galaxies the circular velocity of a galaxy is usually derived from the potential of the dark matter halo, while the observed velocity, based on the width of the global H I profile obtained with single-dish telescopes, is a good representation for the dark matter halo potential only in rather limited cases. Note that the rotational velocity of a galaxy, inferred from the width of its global H I profile, can be directly related to the dark matter potential only when the gas is in co-planar, circular orbits and the rotation curve has reached the turnover to a constant velocity at radii properly sampled by the gas disc. However, this is often not the case as galaxies display a variety of rotation curves shapes, which cannot be characterized with a single parameter such as the corrected width of the global H I line profile. Furthermore, the number of observational studies that take into account the two-dimensional distribution of H I and the detailed geometry and kinematics of a galaxy's disc is rather limited.
With the developments of new methods and instruments, the observed scatter in the TFr has decreased significantly, mainly due to more accurate photometric measurements. Photographic magnitudes (Tully & Fisher 1977) were improved upon by CCD photometry. The advent of infrared arrays shifted photometry to the JHK bands, minimizing extinction corrections, and then to space-based infrared photometry with the Spitzer Space Telescope (Werner et al. 2004) , which better samples the older stellar population and maximizes photometric calibration stability. As was shown by Sorce, Courtois & Tully (2012) , the measurement errors on the total 3.6 µm luminosity are reduced to a point where they no longer contribute significantly to the observed scatter in the TFr. Hence, other measurement errors, such as uncertainties on a galaxy's inclination and/or rotational velocity, combined with a certain intrinsic scatter are responsible for the total observed scatter.
It was shown by Verheijen (2001) , with a study of nearly equidistant spiral galaxies in the Ursa Major cluster with deep K -band photometry, that the observed scatter in the TFr can be reduced significantly when the measured velocity of the outer, flat part of the H I rotation curve (V flat ) is used instead of the rotational velocity as estimated from the width of the global H I profile. Indeed, the spatially resolved, two-dimensional velocity fields of gas discs, obtained with radio interferometric arrays, often reveal the presence of warps, streaming motions and kinematic lopsidedness of the gas discs, while the global H I profiles do not allow the identification of such features. Therefore, the width of a global H I line profile, albeit easily obtained with a single-dish telescope, may not be an accurate representation of V flat . Moreover, the analysis of spatially resolved H I kinematics shows that the rotation curves of spiral galaxies are not always flat and featureless. Rotation curves may still be rising at the outermost observable edge of the gas disc, in which case the width of the global H I profile provides a lower limit on V flat . Rotation curves may also be declining beyond an initial turnover radius, in which case V flat derived from the rotation curve is systematically lower than the circular velocity derived from the corrected width of the global H I profile. In this paper, we investigate the differences between three measures of the rotational velocity of spiral galaxies: The rotational velocity from the corrected width of the global H I profile, the maximal rotation velocity of the rotation curve (V max ) and the rotational velocity of the outer flat part of the rotation curve (V flat ). The effects of these different velocity measures on the observed scatter and the intrinsic properties of the TFr will be discussed in a forthcoming paper.
To derive V max and V flat , we analyse in detail the H I synthesis imaging data for a Tully-Fisher calibrator sample of 32 nearby, well-resolved galaxies and present these data in the form of an atlas and tables. We will discuss the identification and corrections made for warps and streaming motions in the gas discs when deriving the H I rotation curves. Forthcoming papers will use these data to investigate the luminosity-based TFr using panchromatic photometric data, as well as the baryonic TFr for the same calibrator sample. This paper is organized as follows. Section 2 describes the sample of selected galaxies. Section 3 presents the data collection and analysis, including subsections on the comparison between the rotational velocities obtained from the rotation curves and the corrected width of the global H I profiles. Section 4 presents the properties of the gaseous discs of the sample galaxies. Summary and concluding remarks are presented in Section 5. The atlas is described in the Appendix, together with notes on individual galaxies.
T H E S A M P L E
A highly accurate calibration of the observed TFr involves a detailed analysis of its main statistical properties such as its slope, zero-point, scatter and possible curvature. As was mentioned in the introduction, all these properties strongly depend on the photometry, accurate and independent distances, inclinations and the velocity measure, including their observational errors. For our calibrator sample, we want to take advantage of 21-cm line synthesis imaging instead of the global H I spectral line, and analyse the spatially resolved kinematics of the gas discs in order to assess the presence of non-circular motions and to derive accurate rotation curves. Even though both single-dish and interferometric observations present the same width of the global H I profiles (Fig. 2,   Figure 1 . The distribution of morphological types of our sample galaxies.
upper panel), the circular velocities measured from the rotation curves may differ from the ones estimated from the global H I profiles. Therefore, for the calibration of the TFr, it is necessary to compare the statistical properties of the relation based on different velocity measures. However, this approach puts some observational constraints on the selection of calibrator galaxies because the detailed analysis of spatially resolved H I kinematics cannot be achieved for a large number of galaxies.
Consequently, we adopt a sample of 31 out of 38 spiral galaxies that constitute the zero-point calibrator sample of TC12 which they used to study the I-band TFr. This choice was motivated by the availability of synthesis imaging data for the galaxies in this sample. NGC 3627 was added to the sample as it satisfies the selection criteria, although it was not included in the parent sample of TC12. The main advantage of this calibrator sample is that all galaxies are relatively nearby and have independent distance measures based on the Cepheïd period-luminosity relation (Freedman et al. 2001) and/or based on the tip of the red giant branch (Rizzi et al. 2007) . To verify that their selection criteria do not introduce an artificial scatter, TC12 performed a series of test simulations and concluded that their criteria do not lead to a systematic bias. The following are the adopted criteria of TC12 for their TFr zero-point calibrator sample.
(1) Only galaxies more inclined than 45
• are included. (2) Galaxies earlier in type than Sa are excluded. The sample is magnitude limited (BTcorr = 15.5), but covers a wide range of morphological types as illustrated in Fig. 1 . (3) Only galaxies with regular global H I profiles were included to avoid confusion or contribution by companion galaxies to the flux.
We emphasize that these criteria were applied to the zero-point calibrator sample by TC12, who did not consider the merits of detailed H I kinematics for their sample galaxies. Using radio synthesis imaging data, however, we identify various features of their H I kinematics and morphologies such as warps, kinematic lopsidedness and streaming motions due to the presence of a bar and spiral arms. All this is addressed in the following sections. A brief overview of the sample is presented in Table 1 .
DATA C O L L E C T I O N A N D A NA LY S I S
The collection of H I imaging data for 32 galaxies is not trivial. We took advantage of the existence of high-quality data obtained with different observational facilities for 29 galaxies, and observed three additional galaxies ourselves with the Giant Metrewave Radio Telescope (GMRT) in 2014 March (see Section 3.1). Consequently, the H I imaging data used in this paper were obtained between 1986 and 2014 with different aperture synthesis imaging arrays, mostly as part of larger H I surveys (THINGS, WHISP, HALOGAS, etc.). Of the galaxies for which H I data are used in this study, 19 were observed with the VLA, 8 with the WSRT, 2 with the ATCA and 3 with the GMRT. Data cubes were kindly made available Table 1 . The Tully-Fisher calibrator sample. Column (1): galaxy name [as shown in NASA/IPAC Extragalactic Database (NED)]; Column (2): Hubble type (as shown in NED); Column (3): optical position angle (PA) of the disc from TC12; Column (4): optical inclination of the disc from TC12; Column (5): optical diameter (as shown in NED); Column (6): total apparent magnitude, derived using 3.6 µm Spitzer band (corrected for Galactic and internal reddening); Column (7): disc central surface brightness, derived by fitting the exponential disc to the surface brightness profile in 3.6 µm Spitzer band (corrected for inclination); Column (8): disc scalelength, calculated from the 3.6 µm Spitzer band; Column (9): distance in Mpc, measured using TRGB or Cepheid distance estimation method. An averaged value is taken, when distance is measured by both methods (provided by The Extragalactic Distance Database (EDD) http://edd.ifa.hawaii.edu/). by authors of previous studies or retrieved from the appropriate project website. The collected data cubes were already continuum subtracted and cleaned. However, the quality of these 29 data cubes is very inhomogeneous, considering the long time period between the individual observations and the relative performance of each of the interferometers at the time of data taking. A summary of observational parameters, together with the date of observations and the original data source, is presented in Table 2 .
The GMRT data
The GMRT observations were carried out in 2014 March. In total 36 h of observing time were allocated, on account of 12 h per galaxy. Galaxies were observed during four tracks: two times 12 h and two times 6 h. All three galaxies were observed during multiple tracks and during each track, galaxies were observed in several scans. Each scan was 45 min long, bracketed by short (5 min) observations of a nearby phase calibrator. The correlator settings were kept the same during the whole observing run, but the frequencies were tuned to match the recession velocity of each galaxy. A flux calibrator was observed separately at the beginning and at the end of each track.
The total bandwidth of 4.16 MHz was split into 256 channels. The visibilities were recorded after an integration time of 16 s. The flux and phase calibrators used for each galaxy are listed in Table 3 . Visibility data were flagged, calibrated and Fourier transformed using the AIPS (Astronomical Image Processing System) software (Greisen 2003) , developed by National Radio Astronomy Observatory. Natural weighting and tapering resulted in a synthesized beam of 15 arcsec×15 arcsec and a velocity resolution of 3.43 km s −1 . The data cubes were cleaned using the Groningen Imaging Processing SYstem (GIPSY; van der Hulst et al. 1992) . The clean components were restored with a Gaussian beam after which the data cubes were smoothed to an angular resolution of 30 arcsec and a velocity resolution of 25 km s −1 . This allowed for the detection of extended low column-density H I emission in the outer regions of the galaxies.
Homogenization of the sample
Preparing the inhomogeneous set of data for a uniform analysis required some special treatment. First, all the cleaned data cubes were smoothed to a circular beam of 60 arcsec to improve the sensitivity for extended, low column-density gas. Only the data Table 2 . Observational parameters of the sample. Column (1): galaxy name; Column (2): name of the survey or of individual author, where from the data were taken (see the reference below); Column (3): instrument and the set up; Column (4): date of observations dd/mm/yy; Column (5): observed frequency, MHz; Column (6): bandwidth, MHz; Column (7): channel width, MHz; Column (8) ; 6. Very Large Array (VLA) Imaging of Virgo in Atomic gas (Chung et al. 2009); 7. Braun et al. (2009); 8. Jörsäter & van Moorsel (1996 cube of NGC 300 with its original angular resolution of 180 arcsec × 90 arcsec was smoothed to a circular beam of 180 arcsec. Subsequently the cubes were smoothed to a full width at half-maximum velocity resolution of 25 km s −1 with a Gaussian smoothing kernel.
Subsequently, frequency-dependent masks outlining the regions of H I emission in each channel map were defined by clipping the smoothed cubes at the 2σ level. Noise peaks above this level were removed interactively. Defining the emission in the smoothed data cubes allowed us to identify regions with emission in the very outer, low column-density parts of the H I discs. The resulting masks were applied with a conditional transfer to the original data cubes at higher angular and velocity resolution. As a result, we have obtained high-resolution data cubes including low H I column-density gas in the outer regions, so as to reach the flat part of the rotation curve for almost all of the galaxies.
Global H I profiles
The global H I profile is one of the main data products of the H I observations. It contains information about the gas content of a galaxy, while a galaxy's rotation velocity can be estimated from the width of the profile. The H I line profiles were obtained by measuring the primary beam corrected flux density within the masked area in each velocity channel. The errors on the flux densities were determined empirically by calculating the rms noise in the emission-free regions of each channel map. Because features such as warps of the 807 ± 8 500 ± 10 527 ± 1 1 . 1 2 S A NGC 7793 216 ± 13 174 ± 10 195 ± 3 1 . 1 0 S A H I discs or non-circular motions do not manifest themselves clearly and unambiguously in the global H I line profile, we do not obtain a large variety of profile morphologies. Most of the global profiles of our sample galaxies are double-peaked, with the exception of three dwarf galaxies, which show boxy profile shapes: NGC 2366, IC 2574 and NGC 4605, as can be inferred from Table 4 . However, some asymmetries in the profiles are still present and cause a difference in flux between the receding and approaching sides of a galaxy. The flux ratios between both sides of the global profiles can be found in Table 4 . Based on these flux ratios, the different shapes of the global profiles were classified into four categories: symmetric, slightly asymmetric, asymmetric and boxy.
Integrated H I fluxes
The integrated H I flux was determined as the sum of the primary beam corrected flux densities in the channel maps, multiplied by the channel width: S v dv (Jy km s −1 ). The integrated fluxes for our sample galaxies are listed in Table 6 . The error on the integrated flux was calculated as the square root of the quadrature sum of the errors on the flux densities in each velocity channel (see above). In the bottom panel of Fig. 2 , we present a comparison of the integrated fluxes derived from the interferometric data and those from single-dish observations. The values of the fluxes from the single-dish measurements were taken from the 'All Digital H I catalogue' ) as compiled in EDD ). The details of the single-dish measurements can be found in Koribalski et al. (2004) , Springob, Haynes & Giovanelli (2005) , Courtois et al. (2009 Courtois et al. ( , 2011 and Haynes et al. (2011) . The weighted mean difference of −0.023 ± 0.009 shows that there is no significant systematic difference between the single-dish and interferometric flux measurements. However, some individual galaxies do show a significant difference which can be explained in several ways. First, single-dish observations might be contaminated due to a contribution to the flux by nearby companion galaxies within the same beam and at the same recession velocity. Secondly, an interferometric measurement might miss flux in case the shortest baselines cannot properly sample the largest spatial structures of an H I disc. Thirdly, a single-dish measurement can miss flux due to the angular size of a galaxy on the sky. In particular, many of our nearby calibrator galaxies are much larger than the primary beam of the single-dish telescopes. Despite these complications in the flux measurements, the unweighted average difference between the single-dish fluxes from the literature and our interferometric fluxes is only marginal with slightly more flux recovered by the interferometric observations. Consequently we conclude that our results are in good agreement with previous single-dish measurements. Note, however, that accurate flux measurements are not crucial for our purposes.
Line widths and rotational velocities
Observational studies of galaxies with single-dish telescopes allow the global H I profiles to be collected for thousands of galaxies. These profiles hold information not only about the H I gas content of galaxies, but also about their rotational velocities. The corrected width of the global H I profile is a good estimator of the overall circular velocity of a galaxy, which is usually defined as 2V circ = W/sin (i), where V circ is usually associated with the maximum rotational velocity. The kinematic information provided by the global H I profile, however, is not very accurate because it provides only a single value for the entire galaxy. The rotation curve of a galaxy, on the other hand, represents the circular velocity as a function of distance from a galaxy's dynamical centre. As was already mentioned above, rotation curves of galaxies are not always flat and featureless, the circular velocity varies with distance from the dynamical centre of a galaxy. For instance, some galaxies show declining rotation curves where V max , the maximal circular velocity of a rotation curve, will be larger than V flat , the circular velocity of the outermost part of the H I disc, which better probes the gravitational potential of the dark matter halo. The angular size of a spiral galaxy is usually not large enough to map its H I velocity field point-by-point with a single-dish telescope, except for the very nearby, large galaxies in the Local Group (the Large Magellanic Cloud, Small Magellanic Cloud and M31). For most other galaxies, the ratio of the H I diameter to the single-dish beam size is too small to obtain detailed rotation curves [e.g. Bosma (1978) , chapter 3]. However, the global H I profile can give a rough estimate for the kinematics of a galaxy.
The shape of the global H I profile can provide some indication for the shape of the rotation curve of a galaxy. For example, a doublepeaked profile indicates that the gas disc of a galaxy is sufficiently extended to sample the flat part of a galaxy's rotation curve, while a Gaussian or boxy shaped global profile is often observed for dwarf or low surface-brightness galaxies which usually have a slowly rising rotation curve with V max < V flat . The wings or steepness of the edges of the profile can be an indication for a declining rotation curve with V flat < V max , or for the presence of a warp (Verheijen 2001) . Our goal is to investigate for each sample galaxy how the circular velocity derived from the global H I profile compares to the V max and V flat as measured from the rotation curve.
The width of the global profile is usually defined as a width in kms −1 between the two edges of the profile at the 50 per cent level of the peak flux density. However, different methods for defining the width of the profile exist in the literature. For instance, the profile width can be measured at the 20 per cent level, or by considering the mean peak flux density. In our case, for double-peaked profiles, the maximum flux densities of the two peaks were used separately to determine the full width of the profile at the 50 per cent and 20 per cent levels. In such a profile, the high-velocity peak represents the receding side of the galaxy and the low-velocity peak the approaching side. Thus, the widths were calculated using the difference in velocities, corresponding to the 50 per cent and 20 per cent level of each peak of the profile separately: 
In the other two cases where the profiles are not double-peaked, the overall peak flux was used to determine the 50 per cent and 20 per cent levels. The systemic velocity was determined from the global profile as 
The adopted error on V GP sys was calculated as half the difference between the values of V GP sys based on the 20 per cent and 50 per cent levels separately.
All measured widths were corrected for instrumental broadening due to the finite instrumental velocity resolution. This correction depends on the instrumental velocity resolution and on the steepness of the profiles for which the Gaussian shape was assumed. For a detailed description of this method see Verheijen & Sancisi (2001) .
Our results can be compared to the corrected widths of the profiles from single-dish telescopes taken from the literature sources mentioned above (see section 3.3.1). The upper panel of Fig. 2 demonstrates the comparison between the widths at the 50 per cent level derived from the interferometric measure and those from the literature (Koribalski et al. 2004; Springob et al. 2005; Courtois et al. 2009 Courtois et al. , 2011 Haynes et al. 2011) . There is no systematic offset found and the data are in excellent agreement with the unweighted average difference of 0.031 ± 0.47 km s −1 with a 5 km s −1 rms scatter. The measurements obtained from the global H I profiles are presented in Table 4 .
Velocity fields
After we estimated the rotational velocity of our sample galaxies using the width of global H I profiles at the 50 per cent and 20 per cent levels, we need to compare these values with the velocities V max and V flat derived from the rotation curves of the galaxies. However, first the velocity field should be constructed for each galaxy, from which the rotation curve will be derived.
Velocity fields are playing a very important role in analysing the dynamics of the cold gas in a galaxy. Usually, the strongest signature of a velocity field reflects the rotation of the gas disc in the gravitational potential of a galaxy. In practice, however, velocity profiles are often affected by various systematic effects caused either by limited instrumental resolution or by physical processes within a galaxy.
The most common instrumental effect is known as 'beam smearing' which becomes manifest in observations with relatively low angular resolution [Bosma (1978) , chapter 3]. This usually happens when a synthesized beam is relatively large in comparison with the size of the galaxy, leading to asymmetries in the individual velocity profiles at different locations in the galaxy, in particular near its dynamical centre. The velocity profiles become skewed towards the systemic velocity of the galaxy and, thereby, the rotational velocity of the galaxy can be systematically underestimated. Therefore, one needs to correct for this effect by identifying the velocity close to the maximum velocity found in each velocity profile (Sancisi & Allen 1979) . Otherwise, the velocity obtained at a particular position will always be closer to the systemic velocity of the galaxy. Even though our sample consists of very large, nearby galaxies, three of the galaxies observed with the GMRT (NGC 3370, NGC 4639, NGC 5584) show 'beam-smearing' features in their velocity profiles (see Appendix A for more details). For those galaxies, we use the envelope-tracing correction method described in Verheijen & Sancisi (2001) .
Furthermore, physical processes within a galaxy can have important effects on the observed velocity field and may lead to nonaxisymmetries and non-circular motions of the gas. Usually these processes are associated with gas flows induced by the gravitational potential of spiral arms and/or bars of galaxies, and result in socalled streaming motions (Visser 1980; Shetty et al. 2007 ). These appear as coherent deviations from the circular velocity of the gas in a galaxy. Since we are interested in measuring the circular velocity of the gas to probe the gravitational potential of the dark matter halo, the flat part of the outer rotation curve V flat should be measured accurately. Therefore, we identified and removed the signature of streaming motions from the velocity fields. There are many ways to construct velocity fields, and below we describe the most common of them, as well as our method of identifying streaming motions.
Calculating the first moment of the velocity profiles is one of the most well-known and computationally straightforward methods to construct a velocity field. Here, the velocity at each position in the velocity field is an intensity weighted mean of the pixel values along the operation axis in the data cube. Despite it being the most commonly used approach, this method has many disadvantages and its sensitivity to noise peaks in an H I spectrum is one of them. To obtain a reliable velocity field one needs to be very careful in identifying the emission regions and use only those areas to prevent the noise from significantly influencing the mean velocity. Another disadvantage is the fact that a first moment can be sensitive to the effects of severe beam smearing which may result in skewed profiles. Thus, first-moment velocity fields can be used only as a first-order approximation or as initial estimates for the other methods. The upper-left panel of Fig. 3 illustrates a moment-1 velocity field of NGC 224.
Fitting a Gaussian function to the velocity profiles is another way to derive the velocities that are representative of the circular motion of the gas. The central velocity of the Gaussian component defines the velocity at each position in the velocity field. Where the first-moment method always yields a velocity regardless of the signal-to-noise ratio in the profile, fitting a Gaussian to the profile requires a minimum signal-to-noise ratio. Therefore, a velocity field constructed by Gaussian fits usually constitutes of fewer pixels that have a higher reliability compared to a first-moment map. In spite of the fact that a Gaussian-based velocity field is usually more sparse, this method is most common to construct reliable H I velocity fields for detailed analyses. The upper-middle panel of Fig. 3 shows a Gaussian-based velocity field of NGC 224, illustrating that velocity profiles at lower signal-to-noise ratio in the outer regions of galaxies do not allow for acceptable Gaussian fits.
Using a Gauss-Hermite polynomial function to fit the velocity profiles allows the identification of asymmetric velocity profiles that may be affected by beam-smearing and/or streaming motions and that cannot be described properly by a single Gaussian. GaussHermite polynomials allow us to quantify deviations from a Gaussian shape with two additional parameters describing the skewness (h3 term) and kurtosis (h4 term) of the profile (van der Marel & Franx 1993). In our case, we do not take into account the h4 term because instrumental and astrophysical effects typically result in asymmetric velocity profiles that can be identified by their h3 values.
For our studies, we used both Gaussian and Gauss-Hermite polynomial functions to fit the velocity profiles and construct the corresponding velocity fields as indicated by GAU and HER in Fig. 3 . We identify asymmetric velocity profiles by considering the difference between the HER and GAU velocity fields as illustrated in the bottom-middle panel of Fig. 3 . Pixels with values in excess of ±3 km s −1 in the HER−GAU difference map were blanked in the GAU velocity field. Thereby we have obtained the third type of velocity field SKW as illustrated in the bottom-right panel of Fig. 3 . These SKW velocity fields will be used to derive the rotation curves from.
Rotation curves and velocity field models
From the previous section, it is clear that velocity fields tend to have pixels with skewed velocity profiles mostly due to beam-smearing and non-circular motions. Thus, it is important to stress that we . Differences between optical and dynamical centres of our sample galaxies. Red symbols indicated the outliers for which optical centres were adopted during the tilted-ring modelling.
derive rotation curves for our galaxies from the SKW velocity fields which were censored for such effects (see Section 3.4). For this purpose, we fitted a tilted-ring model to the SKW velocity field to derive the rotation curve of each galaxy. Details on the tilted-ring modelling method, its parameter fitting and error calculations, are described by Begeman (1989) . The derivation of a rotation curve was done in four steps. The widths of the tilted-rings were adjusted separately for each galaxy, taking into account the H I morphology and the size of the synthesized beam.
As a first step, for each ring we fitted to the SKW velocity field, only the position of its dynamical centre x 0 and y 0 , and the systemic velocity of a galaxy V sys were fitted. All other parameters, such as the PA, inclination angle (i) and the rotation velocity V rot were fixed and remained the same for all tilted rings. In this first step, the position (PA) and inclination (i) angles were adopted from the optical measurements done by TC12 and listed in Table 1 while V rot was estimated from the measured width of the global H I profile. All the data points within a tilted ring were weighted uniformly at this step. After the fitting, the position of the dynamical centre (x 0 , y 0 ) and the systemic velocity V sys were calculated as the weighted means of the solutions for all fitted rings. For cases where the fitted position of the dynamical centre had large deviations from ring to ring, the position of the optical centre was adopted. The offsets between optical and dynamical centres are shown in Fig. 4 and are typically smaller than the angular size of the interferometric synthesized beam.
At the second step, we fitted only the PA of a tilted ring, indicating the angle between north and the kinematically receding side of a galaxy, measured eastward. All the other parameters were kept fixed whereby the position of the dynamical centre and the systemic velocity V sys were adopted from the previous step. Again, all the data points within each tilted ring were weighted uniformly. While the PA can be determined very accurately and is mostly invariant from ring to ring, we paid attention to the possible existence of a trend with radius so as to include a geometric warp in the model when warranted. The weighted average value of the PA within the optical radius of a galaxy, as well as a possible trend with radius were fixed at the next step. A comparison between the optical and the kinematical PAs is presented in Fig. 5(a) . Overall, the optical and kinematic PAs are in a good agreement with a weighted mean difference of −0.5 ± 0.8 deg.
In the third step, adopting and fixing the results from the previous steps, we fitted both the inclination angle (i) and the rotational velocity (V rot ) of each ring, weighing all the data points in a ring according to cos(θ ), where θ is the angle in the plane of the galaxy measured from its receding side. The values of the inclination an- gle and the rotation velocity of a tilted ring are highly covariant in the fitting algorithm and rather sensitive to pixel values in the SKW velocity field that are still affected by non-circular motions. Hence, the fitted inclination may vary significantly from ring to ring within a galaxy. We assume, however, that the cold gas within the optical radius of a galaxy is largely co-planar and we calculated the weighted mean inclination of the rings within the optical radius of the galaxy. We refer to this as the kinematic inclination of a galaxy. If the more accurately determined PA indicates a warp in the outer regions, we also allow for an inclination warp if the fitted values hint at this. Adopting the inclination angles derived from the optical images as reported by TC12, we compare the optical and kinematic inclination angles in the bottom panel of Fig. 5 . We find that the kinematical inclination angles are systematically lower than the optical ones, with an average weighted difference of 2.06 ± 0.81 deg. It is important to point out that the derived optical inclination angles depend on the assumed thickness of the stellar disc when converting isophotal ellipticities to inclinations, and therefore it can cause the systematic offset between optical and kinematical inclinations. Such a systematic bias is not expected in deriving kinematic inclinations. We note that the systematic difference we find is very close to an empirical correction of 3
• as determined by Aaronson, Mould & Huchra (1980) , which was usually applied when interpreting optical and kinematical inclination angles.
In the fourth and final step, V rot was fitted for each tilted ring while all the previously determined parameters (x 0 , y 0 , V sys , PA kin , i kin ) were kept fixed, including the geometry of a possible warp. Hence, in deriving the rotation curve of a galaxy we use its global systemic velocity and geometry (except for the five cases where optical centres were adopted, Fig. 4 ) based on the characteristics of the SKW velocity field. The values of V rot as measured during the previous step were adopted as an initial estimate while all the points within each tilted ring were considered and weighted with cos(θ) when fitting V rot for each ring, yielding the circular velocity of the H I gas as a function of distance from a galaxy's dynamical centre. Table 5 . Tilted-ring modelling results. Column (1): galaxy name; Column (2): systemic velocity; Column (3): kinematic PA, calculated as an angle between the north direction and receding side of a galaxy; Column (4): kinematic inclination from face-on; Column (5): maximal rotational velocity; Column (6): rotational velocity of the flat part of rotation curve.
NGC 0055 130 ± 5 110 ± 3 78 ± 7 85 ± 1 85 ± 2 NGC 0224 − 300 ± 3 37 ± 1 78 ± 1 261 ± 2 230 ± 7 NGC 0247 160 ± 10 169 ± 3 77 ± 2 110 ± 5 110 ± 5 NGC 0253 240 ± 5 230 ± 2 77 ± 1 200 ± 4 200 ± 4 NGC 0300 135 ± 10 290 ± 3 46 ± 6 103 ± 3 85 ± 7 NGC 0925 550 ± 5 283 ± 2 61 ± 5 115 ± 4 115 ± 4 NGC 1365 1640 ± 3 218 ± 2 39 ± 8 322 ± 6 215 ± 4 NGC 2366 107 ± 10 42 ± 6 68 ± 5 45 ± 5 45 ± 5 NGC 2403
135 ± 1 124 ± 1 61 ± 3 128 ± 1 128 ± 1 NGC 2541 560 ± 5 170 ± 3 64 ± 4 100 ± 4 100 ± 4 NGC 2841 640 ± 20 150 ± 3 70 ± 2 325 ± 2 290 ± 6 NGC 2976 5 ± 5 323 ± 1 61 ± 5 78 ± 4 78 ± 4 NGC 3031 − 40 ± 10 330 ± 4 59 ± 5 249 ± 3 215 ± 9 NGC 3109 404 ± 5 92 ± 3 80 ± 4 57 ± 2 -NGC 3198 660 ± 10 215 ± 5 70 ± 1 161 ± 2 154 ± 4 IC 2574 51 ± 3 55 ± 5 65 ± 10 75 ± 5 -NGC 3319 730 ± 4 33 ± 2 57 ± 4 112 ± 10 112 ± 10 NGC 3351 780 ± 5 192 ± 1 47 ± 5 190 ± 5 176 ± 8 NGC 3370
1280 ± 15 327 ± 3 55 ± 5 152 ± 4 152 ± 4 NGC 3621 730 ± 13 344 ± 4 65 ± 7 145 ± 5 145 ± 5 NGC 3627 715 ± 10 172 ± 1 58 ± 5 183 ± 7 183 ± 7 NGC 4244 245 ± 3 222 ± 1 88 ± 3 110 ± 6 110 ± 6 NGC 4258 445 ± 15 331 ± 1 72 ± 3 242 ± 5 200 ± 5 NGC 4414 715 ± 7 160 ± 2 52 ± 4 237 ± 10 185 ± 10 NGC 4535
1965 ± 5 180 ± 1 41 ± 5 195 ± 4 195 ± 4 NGC 4536 1800 ± 6 300 ± 3 69 ± 4 161 ± 10 161 ± 10 NGC 4605 160 ± 15 293 ± 2 69 ± 5 87 ± 4 -NGC 4639 978 ± 20 311 ± 1 42 ± 2 188 ± 1 188 ± 1 NGC 4725 1220 ± 14 30 ± 3 50 ± 5 215 ± 5 215 ± 5 NGC 5584 1640 ± 6 152 ± 4 44 ± 4 132 ± 2 132 ± 2 NGC 7331 815 ± 5 169 ± 3 75 ± 3 275 ± 5 275 ± 5 NGC 7793 228 ± 7 290 ± 2 50 ± 3 118 ± 8 95 ± 8
To investigate possible kinematic asymmetries, we fitted V rot not only to the full tilted ring but also to the receding and approaching sides of a galaxy separately. Subsequently, we used these rotation curves to identify the maximum circular velocity V max of the gas disc, as well as the circular velocity of the outer gas disc V flat . To verify our final rotation curves, they were projected on to position-velocity diagrams extracted from the data cubes for visual inspection. To further verify the results from the tilted-ring fits to the SKW velocity field, they were also used to construct an axisymmetric, model velocity field of a regular, rotating gas disc. This model was subsequently subtracted from the Gauss-Hermite polynomial velocity field to construct a map of the residual velocities. This residual velocity field highlights the locations of velocity profiles with significant skewness and could have revealed possible systematic residuals that should have been accommodated by the tilted-ring model. Table 5 summarizes the final results obtained from the tilted-ring fitting process based on the SKW velocity field. Errors on V sys , the PA and the inclination are based on the variance in the ring-to-ring solutions. Errors on V max and V flat were measured as the difference between the velocities of the approaching and receding sides of the galaxy. All final data products are presented in the accompanying atlas that will be discussed below.
We conclude this section by recalling that the global geometric properties of the H I gas discs (dynamical centre, PA and inclination angle) as derived from the SKW velocity fields are in good agreement with the same geometries derived from photometric images of these galaxies. Moreover, from the fitting procedure, we derived high-quality rotation curves of the cold gas, presenting the circular velocity of a galaxy as a function of distance from its dynamical centre. These rotation curves will be used in a forthcoming paper analysing the detailed mass distributions within our sample galaxies. For the purpose of studying the statistical properties of the TFr in a forthcoming paper, we measure two values of the rotational velocity of each galaxy: the maximal rotational velocity V max and the velocity at the flat part of the outer rotation curve V flat . In the next section, we will compare these values with the rotational velocity as estimated from the corrected width of the single-dish profiles.
Comparison of different velocity measures
As was already mentioned above, the width of the global H I profile can give a good estimate of the typical circular velocity of the cold gas in a galaxy. However, the measured width of the global profile should be corrected not only for finite instrumental spectral resolution, but also for astrophysical effects such as the turbulent motions of the gas and the inclination of the rotating gas disc.
Turbulent motion correction.
The empirical correction of the measured line width for turbulent motion of the gas was investigated previously by several authors (Bottinelli et al. 1983; Broeils 1992; Rhee & van Albada 1996) by matching the corrected global H I line widths to the rotational velocities as measured from rotation curves.
In this work, we adopt the recipe and parameter values for turbulent motion correction from Verheijen & Sancisi (2001) . While adopting W c = 120 km s −1 , they showed that, in order to match the amplitudes of the rotation curves, the empirical values of the turbulence parameter W t as proposed in previous studies, should be adjusted. Its values depend on the level at which the line width was measured (20 per cent or 50 per cent) and on the velocity measure from the rotation curve (V max or V flat ). Therefore, when applying this correction to our galaxies, we adopt their values: 
Inclination correction.
The correction of the global profile width for inclination was done using the kinematic inclinations obtained from the tilted-ring modelling of the SKW velocity fields as listed in Table 5 :
50,20 /sin(i kin ). The line widths corrected for instrumental resolution, turbulent motion, and inclination are presented in Table 6 .
Comparing W R,t,i
50,20 , V max and V flat We start this subsection by stressing, again, that a single-dish measurement of a global H I profile does not inform the observer whether a galaxy's rotation curve is declining or not. Fig . 6 shows the differences between the corrected global profile widths and the values of V max and V flat derived from the rotation curves. Green symbols correspond to galaxies with rotation curves that monotonically rise to an extended flat part (V max = V flat ). Red symbols correspond to galaxies with rotation curves that rise to a maximum beyond which they decline to a more or less extended flat part (V max > V flat ). Blue symbols correspond to galaxies with rotation curves that are still rising at their last measured point and do not reach a flat part (V max < V flat while V flat is not actually measured). The left-hand panels show the differences without any random motion corrections (W t = 0) applied, and the right-hand panels show the differences with the random motion corrections applied for various values of W t .
We see that the more-massive galaxies tend to have declining rotation curves while the three galaxies with rising rotation curves are all of low mass. From the panels in the left column, we conclude that the global profile width systematically overestimates the rotational velocity if no correction for turbulent motions is applied, with the exception of W R,i 50 as an estimate for 2V max (upper panel). Furthermore, by comparing the corresponding panels in the left and right columns, we see that the variance in the differences is significantly reduced by applying the corrections for turbulent motions: Both W R,t,i 50 and W R,t,i 20 match the maximum velocity notably better after corrections for random motions, although systematic offsets between the red and green symbols persist.
Focusing on the panels in the right column, we see that W t values of 5 and 22 km s −1 allow the recovery of 2V max from the 50 per cent and 20 per cent line widths, respectively, at least in a statistical sense. In these cases, however, 2V flat for galaxies with monotonically rising rotation curves (green symbols) tend to be systematically overestimated, especially for the 20 per cent line widths W R,t,i 20 . We also see that W t values of 15 and 32 km s −1 allow a somewhat better recovery of 2V flat for galaxies with monotonically rising rotation curves (green symbols) but the corrected global profile line widths systematically overestimate V flat for galaxies with declining rotation curves due to the fact that V max > V flat .
An important conclusion from this comparison is that, for a sample of galaxies with flat and declining rotation curves, the corrected width of the global H I line profile cannot be unambiguously corrected to recover V flat which is probing the potential of the dark matter halo without introducing a systematic bias that is largely correlated with the mass of a galaxy. This has implications for the slope of, and may possibly introduce a curvature in, the TFr when using W R,t,i 20,50 from global H I profiles instead of V flat from extended H I rotation curves.
Total H I maps and radial H I surface-density profiles
H I integrated column-density maps were created by adding the primary beam corrected, non-zero emission channels of the cleaned data cubes with applied masks. The pixel values in the resulting map were converted from flux density units (Jy beam −1 ) to column densities (atoms cm −2 ), according to the formula:
where T b is the brightness temperature and dv is the velocity width over which the emission was integrated. T b in Kelvin is calculated as follows:
where x and y are the major and minor axes of the Gaussian beam in arcseconds, S ν is the flux density in mJy beam −1 and ν 0 /ν is the ratio between the rest-frame and observed frequency of the H I line.
The radial H I surface-density profiles were derived by azimuthally averaging pixel values in concentric ellipses projected on to the H I column-density map for both the receding and approaching side of a galaxy separately. The position and inclination angles of the ellipses were taken from the tilted-ring fitting results (see Section 3.5), taking a warp, if present, into account. Note that the column-density profiles are deprojected to represent face-on values. Subsequently the conversion from (atoms cm −2 ) to (M pc −2 ) was applied:
The H I column-density maps and the radial, face-on surfacedensity profiles are presented in the atlas while the azimuthally averaged peak column density of each galaxy is listed in Table 6 .
GLOBAL H I P RO P E RT I E S
In this section, we investigate the global properties of the gas discs of our sample galaxies and compare these to the same properties of galaxies in the volume-limited Ursa Major sample (Verheijen & Sancisi 2001 ) and the sample of Martinsson (2011) . Although our Verheijen & Sancisi (2001) and by Martinsson (2011), respectively. sample of Tully-Fisher calibrator galaxies is by no means statistically complete, it is important to demonstrate that our sample is not biased and representative of late-type galaxies, at least from an H I perspective. The main properties of the H I gas discs of our galaxies are listed in Table 6 .
The masses and sizes of H I discs
The masses and sizes of H I discs are among the main global parameters of spiral galaxies. A remarkably tight correlation exists between the mass and the size of a galaxy's H I disc as demonstrated before by various authors (Verheijen & Sancisi 2001; Swaters et al. 2002; Noordermeer 2006) , although the slope and zero-point of this correlation vary slightly from sample to sample. Here, we investigate whether the galaxies in our sample adhere to this tight correlation.
The total H I mass of each galaxy is calculated according to
where D is the distance to a galaxy in (Mpc), as listed in Table 1 , and S ν dv (Jy km s −1 ) is the integrated flux density, as presented in Table 6 and described in Section 3.3.1.
Next, we measure the diameters of the H I discs. We do not measure D H I from the H I maps, which are often irregular in their outer regions. Instead, we measure the H I radius as the radius where the azimuthally averaged, face-on H I surface density has dropped to 1 M pc −2 . The M H I versus D H I correlation for our sample galaxies is shown in Fig. 7 . The solid line illustrates a linear fit and can be described as log(M H I ) = 1.62log(D H I ) + 7.06, with an rms scatter of 0.13. The dashed and dash-dotted lines correspond to the relations found by Verheijen & Sancisi (2001) and by Martinsson (2011) , respectively. We find an insignificantly shallower slope for this correlation which may be due to a relatively small number of intrinsically small galaxies in our sample.
H I mass versus luminosity and Hubble type
It is well known that H I masses and M H I /L ratios of galaxies correlate well with the luminosity and morphological type of a galaxy. Our galaxy sample is not an exception and shows good agreement with previous studies (Roberts & Haynes 1994; Verheijen & Sancisi 2001; Swaters et al. 2002) . In our work, we consider the H I masses and M H I /L Ks ratios, and compare the trends observed in our sample with the volume-limited sample of Ursa Major galaxies (Verheijen & Sancisi 2001) for which deep K s photometry is available and obtained in a similar fashion as for our sample galaxies, as will be discussed in a forthcoming paper. Correlations of the total H I mass and the H I mass-to-light ratio with M Ks and the morphological types of the galaxies are shown in Fig. 8 . The light-grey symbols correspond to galaxies in the Ursa Major reference sample.
We see that our sample galaxies follow the same known correlations with a similar scatter as the reference sample. The upper-left panel of Fig. 8 shows that more luminous galaxies tend to contain more H I gas (Pearson's correlation coefficient ρ = −0.64), while the lower-left panel shows that the H I mass-to-light ratio decreases with luminosity (ρ = 0.83). The upper-right panel of Fig. 8 illustrates that a weaker trend exists between a galaxy's H I mass and its Hubble type, both for our sample galaxies (ρ = −0.36) and the Ursa Major reference sample (ρ = −0.38). The lower-right panel of Fig. 8 , however, presents a strong correlation between H I massto-light ratio and Hubble type with later-type galaxies containing more gas per unit luminosity (ρ = 0.77).
We conclude that the galaxies in our TFr calibrator sample are representative of normal field galaxies as found in a volume-limited sample.
Radial surface-density profiles
As can be seen in Fig. 1 , our sample covers a broad range of morphological types from Sa to irregular. We divide our sample into five bins of morphological types Sa − Sab, Sb − Sbc, Sc − Scd, Sd − Sdm and Sdm − Im and investigate possible difference between the H I surface-density profiles of galaxies of different morphological types.
The azimuthally averaged radial H I surface-density profiles, normalized to their peak values and their H I diameters, are presented in Fig. 9 . Clearly the shapes and amplitudes of the profiles are very diverse, and cannot be described with a uniform profile, in disagreement with the results by Martinsson (2011) for the disc-mass sample which is dominated by Sc-type galaxies. Although there is a large variety in profile shapes, we confirm the overall trend that early-type spiral galaxies tend to have central holes in their H I discs while late-type and irregular galaxies tend to have central concentrations of H I gas. The gas discs of spiral galaxies of intermediate morphological types have a more constant surface density or may show mild central depressions in their surface densities
S U M M A RY
We have presented the analysis of 21-cm spectral-line aperture synthesis observations of 32 spiral galaxies, which are representing a calibrator sample for studying the statistical properties of the TFr. The data were collected mostly from the literature and obtained with various observational facilities (VLA, ATCA, WSRT). We observed for the first time three galaxies in our sample ourselves with the GMRT. The most important aspect of this work is that, despite the broad range in data quality, we analysed the entire sample in the same manner. Although previously many of these galaxies were studied individually, we present for the first time a set of H I synthesis imaging data products for all these galaxies together, analysed in a homogeneous way. The data products consist of total H I maps, velocity fields in which asymmetric velocity profiles are identified and removed, H I global profiles, radial H I surface-density profiles, position-velocity diagrams and, most importantly, high-quality extended H I rotation curves, all presented in an accompanying atlas. The rotation curves and the derived measurements of V max and V flat will be used in forthcoming papers investigating the statistical properties of the TFr. The radial H I surface-density profiles will be used for rotation curves decompositions, aimed at studying the mass distributions within spiral galaxies.
Overall, our kinematical study of the gas discs of our sample galaxies shows excellent agreement with previously reported values for the position and inclination angles, and systemic velocities. We find a good agreement with literature values for both H I fluxes and the widths of the global H I profiles at the 50 per cent level, obtained from single-dish observations. However, in some cases we find somewhat larger fluxes than previously reported in the literature (see Section 3.3.1 for details). This can be easily explained given the large angular size of our galaxies, and the fact that single-dish observations can miss some flux due to the relatively small beam sizes.
All galaxies in our sample have extended H I discs, which serve our purpose to probe the gravitational potential of their dark matter haloes. Moreover, our galaxies follow the well-known correlation between their H I mass and the diameter of their H I discs, but with a slightly shallower slope then shown in previous studies. Studies of the H I mass and its correlation with the absolute K s magnitude show that while more luminous galaxies tend to have more H I gas, its fraction decreases with luminosity. We find hints for similar trends with Hubble-type: late-type spiral galaxies tend to have a larger fraction of H I gas than more early-type spirals, but the total mass of the H I gas decreases. A qualitative comparison with the volumelimited sample of Ursa Major galaxies shows that our calibrator sample is representative for a population of field galaxies.
The radial H I surface-density profiles were scaled radially with R H I and divided into five groups according to the morphological type of the galaxies. The gas discs of early-type spirals tend to have central holes while the gas discs of late-type spirals and irregulars tend to be centrally concentrated.
Velocity fields were constructed by fitting Gaussian and GaussHermite polynomial functions to the velocity profile at each position in the data cube. We identified the pixels with skewed velocity profiles, using the difference between these two velocity fields, and censored them in the Gaussian velocity field, thereby creating a third type of velocity field.
Rotation curves were derived from these censored velocity fields using tilted-ring modelling. The procedure was done in four steps, which allowed us to follow the geometry of a possible warp in the outer region. Rotation curves were identified into three categories: rising, flat and declining. The obtained values of V max and V flat were compared with the velocities derived from the corrected H I global profiles at the 50 per cent and 20 per cent level. The comparison tests show that while the width of the H I profile can be a good representation for the maximal rotation velocity of the galaxy, it may significantly overestimate the velocity at the outer, flat part of the rotation curve, especially for high-mass galaxies which tend to have declining rotation curves. For the rising rotation curves, where V max is lower than V flat , the width of the profile tends to underestimate V flat .
The statistical properties of the TFr based on different velocity measures (W, V max and V flat ) will be studied in forthcoming papers.
NGC 4639: the observation of this galaxy suffered from beam smearing. It has a lack of H I gas in the centre. The gas disc is warped both in PA and in inclination.
NGC 4725: this barred galaxy has a lack of the H I gas in its centre. The gas disc displays a PA warp. It has a tidally interacting companion. NGC 4725 was previously studied by Wevers et al. (1984) .
NGC 5584: this flocculent spiral galaxy has a lack of H I gas in its centre. The observation of this galaxy suffered from beam-smearing effects.
NGC 7331: this barred galaxy has lack of the H I gas in its centre. It was previously studied as part of the THINGS survey Walter et al. 2008) .
NGC 7793: this flocculent spiral has a gas disc warped in PA. It has a declining rotation curve. NGC 7793 was previously studied by Carignan & Puche (1990a) and is part of the THINGS survey Walter et al. 2008) .
A P P E N D I X B : T H E AT L A S
An atlas of the final data products is presented below. Each page presents the same data for an individual galaxy, where the following information is given:
Optical image -to introduce the morphology of each galaxy, its Hubble type and optical diameter, the blue POSS image of each galaxy is shown on the same scale as the interferometric images. Due to the large angular extent of the H I disc of M31, we present its NUV image from GALEX. The white ellipse indicates the optical size and orientation as reported by NED.
H I integrated map -gives information about the H I columndensity distribution, presented at the same scale as the optical image. H I column-density maps are presented on the same grey-scale stretch. The lowest H I column-density contour for all galaxies is drawn at 0.5 M pc −2 and the highest contour represents the maximum column density as listed in Table 6 . The synthesized beam is shown in the bottom-left corner of the H I map. Due to the very high spatial resolution of some data, the synthesized beam is often too small compared to the size of the galaxy and can be hardly seen in several cases.
Velocity field -the SKW velocity field is shown (see Section 3.5). The receding and approaching sides of each galaxy are indicated by grey shades. The thick black line in the middle indicates the systemic velocity obtained from the tilted-ring fits.
Residual map -the residual map between the observed velocity field and the modelled velocity field based on the derived rotation curves. The difference range runs from −30 to +30 km s −1 and is represented by grey shades. White contours show negative residuals and black contours positive. Residual contours are drawn in steps of 5 km s −1 . Global H I profile -shows the total, spatially integrated H I flux density, where every point corresponds to the primary beam corrected H I flux density for a single channel in the data cube. The vertical arrow indicates the systemic velocity of the galaxy as measured from the global profile (see Section 3.3.2.)
Surface-density profile -presents the surface density of H I gas in a galaxy as derived from the total H I map, scaled by the H I mass. The red curve corresponds to the receding side of the galaxy and the blue curve to the approaching side.
Tilted-ring fitting results -three combined panels show the results from the various steps in the tilted-ring fitting procedure. From top to bottom: fitted PAs in step 2, fitted inclination angles in step 3, and the fitted rotational velocity in step 4. The red curve in the velocity panel shows the rotation curve of the receding side and the blue curve that of the approaching side. The black curve corresponds to the rotation curve obtained by fitting tilted rings to both sides of the galaxy simultaneously. The size of the optical disc is indicated with a dashed vertical line. For some galaxies, the first dashed vertical line shows the region where the gas flow is dominated by noncircular motions due to the bar. The black line in the two upper panels indicates the adopted position and inclination angles. The dashed horizontal lines show the optical measure of the position and inclination angles.
Position-velocity diagrams -the position-velocity diagrams shown in the two bottom-left panels. They were extracted from the data cubes along two orthogonal cuts through the dynamical centre of the galaxy following the inner kinematical minor (upper) and major (bottom) axes. Contours correspond to levels of 2, 3, 4.5, 6, 9, 12, 15,..., σ . The rotation curves of the receding and approaching sides of a galaxy are projected on to these position-velocity diagrams, taking the geometry of a possible warp into account. In the ideal case of pure circular orbits, the slice along the kinematic minor axis should be perpendicular to the slice along the kinematic major axis. However, the non-circular motions in the centres of strong barred galaxies manifest themselves by slight deviation from this geometry. The grey vertical lines on the major axis cut indicate the size of the optical disc. This paper has been typeset from a T E X/L A T E X file prepared by the author.
